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Description 

PHASE LOCKED LOOP FOR 
CONTROLLING AN OPTICAL RECORDING 
DEVICE AND METHOD THEREOF 

Background 

[0001] The invention relates to a phase locked loop for control- 
ling an optical recording device, and more particularly, to 
a phase locked loop having a phase-shift detector and a 
phase-controllable frequency divider for controllingan op- 
tical recording device. 

[0002] In a conventional recordable optical disk,such a DVD- 

R/RW disk or a DVD+R/RW disk, a wobble signal is used 
as a reference to generate a write clock for recording data 
on an optical disk. A phase locked loop (PLL) is commonly 
applied for generating the required write clock with refer- 
ence to the wobble signal. Please refer to Fig.l, which is a 
diagram of a related art PLL 10. As shown in Fig.l, the re- 
lated art PLL 10 generates an output clock in response to 
a wobble signal extracted from the wobble tracks on a 



recordable optical disk. The output clock is used to be the 
reference for the recording bit clock. The PLL 10 includes 
a phase detector (PD) 20, a charge pump 30, a loop filter 
40, a voltage-controlled oscillator (VCO) 50, and a fre- 
quency divider 60. The PD 20 is used to output a phase 
error signal to the charge pump 30 by detecting the phase 
difference between the wobble signal and a divided signal 
generated from the frequency divider 60. The charge 
pump 30 is used to generate a voltage based on the phase 
error signal from the PD 20. After the loop filter 40 re- 
ceives the voltage outputted from the charge pump 30, 
the loop filter 40outputs a control voltage to control the 
following VCO 50. The VCO 50 receives the control volt- 
age outputted from the loop filter 40, and generates the 
output clock according to the control voltage. Generally, 
the frequency of the output clock signal is higher than 
that of the wobble signal, so that the frequency divider 60 
is required for dividing the frequency of the output clock 
outputted from the VCO 50 to generate the frequency-di- 
vided signal delivered to the PD 20. 
[0003] However, the related art PLL 10 sometimes cannot make 
the phase of the output clock in synchronization with the 
phase of the wobble signal due to the limitation of the PD 



20, which is called the phase shift phenomenon. Please 
refer to Fig. 2, which illustratesthe phase shift phe- 
nomenon of the related art. The horizontal axis represents 
the phase differenceSe between the wobble signal and the 
frequency-divided signal inputted into the PD 20, and the 
vertical axis stands for the phase errorpi outputted from 

d 

the PD 20. In addition, the symbol AW is the detection 

d 

range of the PD 20. As shown in Fig. 2, it can be easily 
seen that the phase differenceSe is not necessarily equal 
to zero when the phase errorpi equals zero. If the phase 

d 

differenceOe is within the detection range AW^ of PD 20, 
such as the point B shown in Fig. 2, the PLL 10 tracks and 
reduces the phase differenceOe to zero (the point A shown 
in Fig. 2). However, if the phase differenceOe is outside the 
detection range AW of the PD 20, such as the point C 

d 

shown in Fig. 2, the outputted phase errors makes the 

d 

PLL 10 lock the phase to thenearest zero-crossing point 
(the point D shown in Fig. 2), rather than the desired one 
(the point A shown in Fig. 2). Therefore, theappearance of 
the phase shift phenomenon makes the PLL 10 malfunc- 
tion. 

[0004] In the application of recording data on an optical disk, if 
the phase shift phenomenon occurs, the length of 



recorded data, which is synchronous to the output clock 
of the PLL 10, is affected to be longer or shorter than a 
normal length. Please refer to Fig. 3, which illustrates the 
recording offset of the related art. The Fig. 3(a) shows the 
case that the length of recorded data is longer than a nor- 
mal length, and the Fig. 3(b) shows another case that the 
length of recorded data is shorter than the normal length. 
Suppose that the normal length of each data block is L. As 
shown in Fig. 3, the length of the data block DATA^ is 
longer than the normal length L. Therefore, a recording 
offset is introduced to the recording process, and af- 
fects the recording position of the following data blocks 
DATA^ and DATA^. Similarly, as shown in Fig. 3, the length 
W of the data block DATA is shorter than the normal 

2 4 

length L, and a recording offset is generated. There- 
fore, the recording position of the following data blocks 
DATA and DATA are affected accordingly. The length 

5 6 

variation of recorded data causes the position of recorded 
data shifted from the normal position specified by the 
recording specification. As mentioned above, each record- 
ing offset due to the phase shift phenomenon is accumu- 
lated, which is a serious problem of the recording. 
Summary of Invention 



[0005] It is therefore one of the primary objectives of the claimed 
invention to provide a PLL having a phase-shift detector 
and a phase-controllable frequency divider for generating 
a recording clock to solve the above-mentioned problem. 

[0006] According to the embodiment of the claimed invention, a 
PLL system for generating an output signal according to a 
first reference signal is disclosed. The output signal is 
used as a reference clock to write recording data on an 
optical medium. The PLL system comprises a clock gener- 
ator for receiving the first reference signal and a first fre- 
quency-divided signal to generate the output signal ac- 
cording to a phase difference between the first reference 
signal and the first frequency-divided signal; a phase- 
shift detector for generating a phase adjusting signal; and 
a phase-controllable frequency divider connected to the 
clock generator and the phase-shift detector for dividing 
the output signal to generate the first frequency-divided 
signal and receiving the phase adjusting signal to adjust 
the phase of the first frequency-divided signal. 

[0007] In addition, according to the embodiment of the claimed 
invention, a method for generating an output signal ac- 
cording to a first reference signal is disclosed. The output 
signal is used as a reference clock to write recording data 



on an optical medium. Tlie metliod comprises receiving 
the first reference signal and a first frequency-divided 
signal to generate the output signal according to a phase 
difference between the first reference signal and the first 
frequency-divided signal; generating a phase adjusting 
signal; and dividing the output signal to generate the first 
frequency-divided signal and receiving the phase adjust- 
ing signal to adjust the phase of the first frequency-di- 
vided signal. 

[0008] It is an advantage of the claimed invention that the fre- 
quency divider positioned at the feedback path is phase- 
controllable. Therefore, the problem of related art phase 
shift phenomenon is solved through controlling the 
phase-controllable frequency divider, and the recording 
quality is greatly improved. Besides, no matter how 
largethe phase shift is, the claimed invention is capable of 
making the phase of the output clock locked to the cor- 
rect phase. 

[0009] These and other objectives of the claimed invention will 
no doubt become obvious to those of ordinary skill in the 
art after reading the following description of the preferred 
embodiment that is illustrated in the various figures and 
drawings. 



Brief Description of Drawings 



[0010] Fig.l is a diagram of a related art PLL. 

[0011] Fig. 2 is a diagram illustrating the phase shift phenomenon 
in the related art. 

[0012] Fig. 3 is a diagram illustrating the problem of the record- 
ing offset in the related art. 

[0013] Fig. 4 is a block diagram of a phase locked loop (PLL) sys- 
tem according to the present invention. 

[0014] Fig. 5 is a flow chart illustrating the operation of tuning a 
count value utilized by a phase-controllable frequency di- 
vider shown in Fig. 4. 

[0015] Fig. 6 is a timing diagram illustrating the operations of a 
phase-shift detector and the phase-controllable fre- 
quency divider shown in Fig. 4. 

[0016] Fig. 7 is a diagram illustrating the operation of adjusting 
the phase of an output clock locked in a wrong point to 
the correct point according to the present invention. 

[0017] Fig. 8 is a block diagram of a PLL system according to a 
first embodiment of the present invention. 

[0018] Fig. 9 is a block diagram of a PLL system according to a 
second embodiment of the present invention. 

[0019] Fig. 10 is a block diagram of a PLL system according to a 



third embodiment of the present invention. 
[0020] Fig. 11 is a blocic diagram of a PLL system according to a 

fourth embodiment of the present invention. 
[0021] Fig. 12 is a blocl< diagram of a PLL system according to a 

fifth embodiment ofthe present invention. 
[0022] Fig. 13 is a blocl< diagram of a PLL system according to a 

sixth embodiment of the present invention. 
[0023] Fig. 14 is a diagram illustrates the operation of the PLL 

system shown in Fig. 13. 
[0024] Fig. 15 is a block diagram of a PLL system according to a 

seventh embodiment of thepresent invention. 
[0025] Fig. 16 is a diagram illustrating the operation of the PLL 

system shown in Fig. 15. 
[0026] Fig. 17 is a block diagram of another system according to 

the present invention. 
[0027] Fig. 18 is a diagram illustrating the operation of the sys- 
tem shown in Fig. 17. 
Detailed Description 

[0028] Please refer to Fig. 4, which is a block diagram of a phase 
locked loop (PLL) system 110 according to the present in- 
vention. The PLL system 110 includes a phase-con- 
trollable frequency divider 160, a phase-shift detector 
170, a phase detector (PD) 120, a charge pump 130, a 



loop filter 140, and a voltage-controlled oscillator (VCO) 
150. The function of the PD 120, the charge pump 130, 
the loop filter 140, and the VCO 150 is the same as that 
of the those components of the same name in the related 
art PLL 10, and thus the lengthy description is omitted 
here for simplicity. The phase-shift detector 170 is used 
to detect the direction and the amount of the phase shift, 
and outputs a phase-adjusting signal to the phase- 
controllable frequency divider 160. The phase-con- 
trollable frequency divider 160 is capable of dividing the 
frequency of the output clock to generate a frequency-di- 
vided signal, and adjusting the phase of the frequency-di- 
vided signal according to the detection result outputted 
from the phase-shift detector 170. In this embodiment, 
the phase-controllable frequency divider 160 has a 
counter 162 for storing a count value CNT. This count 
value CNT determines the phase associated with the fre- 
quency-divided signal. The operations of the phase-shift 
detector 170 and the phase-controllable frequency divider 
160 are further detailed as follows. 
[0029] Please refer to Fig. 5 in conjunction withFig.4. Fig. 5 is a 
flow chart illustrating the operation of tuning the count 
value CNT utilized by the phase-controllable frequency 



divider 160 shown in Fig. 4. As mentioned above, tlie 
phase-controllable frequency divider 160 is connected to 
the VCO 150 for receiving the output clock. In this em- 
bodiment, the counter 162 within the phase-controllable 
frequency divider 160 is trigged by each cycle of the out- 
put clock, and then the phase-controllable frequency di- 
vider 160 controls the phase of the frequency-divided 
signal according to the count value CNT of the counter 
162, in which the threshold value N is the dividing ratio of 
the phase-controllable frequency divider 160. In other 
words, if the frequency of the output clock is equal to F, 
the frequency of the frequency-divided signal equals 
(F-rN). As described before, the phase shift phenomenon 
in the related art affects the PLL system 110 to lock to the 
desired phase for the output clock. To solve the problem 
of phase shift phenomenon, the phase-shift detector 170 
measures the actual phase shift deviated from the desired 
phase, and outputs the phase-adjusting signal to the 
phase-controllable frequency divider 160 according to the 
detected phase shift. In this embodiment, an offset value 
is transmitted to the phase-controllable frequency divider 
160 through the phase-adjusting signal. The operation of 
setting the count value CNT is detailed as follows. When 



the counter 162 within the phase-controllable frequency 
divider 160 is triggered by a rising edge or a falling edge 
of a cycle of the output clock, the count value CNT is re- 
quired being updated (step 182). Then, the existence of 
the offset value is checked (step 183). If the phase-shift 
detector 170 detects a phase shift affecting the output 
clock, the offset value is delivered to the phase- 
controllable frequency divider 160 and the count value 
CNT is updated by a new value equaling CNT+offset+1 
(step 184). On the contrary, if the phase-shift detector 
170 detects no phase shift affecting the output clock, the 
count value CNT is updated by a new value equaling 
CNT+1 (step 185). Then, if the newly updated count value 
CNT is equal to or larger than the threshold value N, , the 
count value CNT is further updated by a new value equal- 
ing CNT-N (step 187). 
[0030] Please refer to Fig. 6 in conjunction withFigs.4 and 5. Fig. 6 
is a timing diagram illustrating the operations of the 
phase-shift detector 170 and the phase-controllable fre- 
quency divider 160 shown in Fig. 4, in which the dividing 
ratio N is equal to 8 and the waveform of the frequency-di- 
vided signal is equal to the logic value of that the count 
value CNT>4. As shown in Fig. 6(a), if the phase-shift de- 



lector 170 is disabled, tlie count value CNT is counted 
normally, and the rising edge of the frequency-divided 
signal S is aligned to when the count value CNT is equal to 
4. However, when the phase-shift detector 170 is acti- 
vated to detect the phase shift for generating the offset 
value, the count value CNT is tuned to adjust the phase of 
the frequency-divided signal S. As shown in Fig. 6(b), It is 
easily seen that the phase of the frequency-divided signal 
S is controlled to lead the phase of the frequency-divided 
signal S of Fig. 6(a) when the offset value is set to a posi- 
tive value (e.g. +1 or +2). As shown in Fig. 6(c), the phase 
of the frequency-divided signal S is controlled to lag the 
phase of the frequency-divided signal of Fig. 6(a) when 
the offset value is set to a negative value (e.g. -1 or -2). 
As shown in Figs. 5 and 6, when the phase-shift detector 
170 does not transfer any phase-shift signal to the 
phase-controllable frequency divider 160, the offset value 
is 0 and the counter 162 sequentially counts the cycles of 
the output clock for generating the frequency-divided 
signal. But if the phase-shift detector 170 transfers the 
phase-shift signal to the phase-controllable frequency di- 
vider 160, the offset value is +1, +2, -l,or -2, and the 
count value CNT is changed according to the inputted off- 



set value, so that the phase of the frequency-divided sig- 
nal is therefore shifted according to the phase shift de- 
tected by the phase-shift detector 170. 

[0031] In addition to the method shown in Fig. 5, it can also ad- 
just the phase of the frequency-divided signal bytem- 
porarily altering the dividing ratio of the counter 162. The 
phase of the frequency-divided signal is changed if the 
dividing ratio of the counter 162 varies. In other words, 
one period of the frequency-divided signal outputted 
from the phase-controllable frequency divider 160 is in- 
creased or decreased according to the phase-adjusting 
signal from the phase-shift detector 170. For example, 
the counter 162 can be a counter that increases normally 
and is normalized to zero when the value of the counter is 
equal to the adjustable threshold value N,in which the 
threshold value N is adjusted according to the phase- 
adjusting signal from the phase-shift detector 170. 

[0032] Please refer to Fig. 7, which is a diagram illustrating the 
operation of adjusting the phase of the output clock 
locked in a wrong point to reach a correct point according 
to the present invention. The horizontal axis represents 
the phase difference between the wobble signal and the 
frequency-divided signal inputted into the PD 120, and 



the vertical axis stands for the phase error outputted from 
the PD 120. In Fig. 7, thecircle symbol "O" is used to stand 
for the phase of the frequency-divided signal outputted 
from the phase-controllable frequency divider 160, and 
the triangle symbol "A" is used to stand for the phase of 
the output clock. As shown in Fig. 7(a), a situation is 
shown that he output clock is locked to an incorrect phase 
at the zero-crossing point pt2, rather than the correct 
phase at the zero-crossing point ptl. Initially, in Fig. 7(a), 
the phase of the frequency-divided signal is equal to the 
phase of the output clock, so that the circle symbol 
"0"and the triangle symbol "A" is placed at the same point 
pt2. 

[0033] Firstly, as shown in Fig 7(b), the phase-controllable fre- 
quency divider 160 adjusts the phase of the frequency-di- 
vided signal by a phase increment 9^^ to increase the 
phase difference between the wobble signal and the fre- 
quency-divided signal according to the phase-adjusting 
signal outputted from the phase-shift detector 170. After 
the phase of the frequency-divided signal is adjusted, the 
phase of the frequency-divided signal (the circle symbol 

"O") is moved with the distance of 6 away from the point 

pi 

pt2, while the phase of the output clock (the triangle sym- 



bol "A") is still at the point ptZ.Then, as shown in Fig 7(c), 
the PLL system 110 works to minimizethe phase error sig- 
nalof the phase detector (PD) 120. That is, the PLL system 
110 lags the phase of the output clock (the triangle sym- 
bol "A") by the phase incrementO^^ to make the phase of 
the frequency-divided signal (thecircle symbol "O") back 
into the nearest zero-crossing point, i.e. the point ptZ.As 
a result, the overall phase shift of the output clock is re- 
duced with a mount of6 .Secondly, as shown in Fig 7(d), 

pi 

the phase-controllable frequency divider 160 further ad- 
Justs the phase of the frequency-divided signal by a phase 
increment 6 to increase the phase difference between 

P2 ^ 

the wobble signal and the frequency-divided signal ac- 
cording to the phase-adjusting signal outputted from the 
phase-shift detector 170. After the phase of the fre- 
quency-divided signal is adjusted, the phase of the fre- 
quency-divided signal is moved with the distance ofB^ ^ 
away from the point pt2. At this time, the accumulated 
phase adjust is equal to6 +6 , which is also the differ- 

p 1 p2 

ence between the phase of the frequency-divided signal 
and the output clock.Then, as shown in Fig 7(e), the PLL 
system 110 works again to minimizethe phase error sig- 
nalof the phase detector (PD) 120. That is, the PLL system 



110 lags the phase of the output clock by the phase 
increment6^^ to make the phase of the frequency-divided 
signal back into the point pt2. As a result, the overall 
phase shift of the output clock is further reduced with an 
additional mount of6 .Finally, as shown in Fig 7(f), the 

P 2 

phase-controllable frequency divider 160 further adjusts 
the phase of the frequency-divided signal by a phase in- 
crement 9 to increase the phase difference between the 

P3 ^ 

wobble signal and the frequency-divided signal according 
to the phase-adjusting signal outputted from the phase- 
shift detector 170. After the phase of the frequency-di- 
vided signal is adjusted, the phase of the frequency-di- 
vided signal is moved with the distance ofB^ ^ away from 
the point pt2, At this time, the accumulated phase adjust 
is equal to6 +6 +6 , which is also the difference be- 

p 1 p2 p 3 

tween the phase of the frequency-divided signal and the 
output clock.Then, as shown in Fig 7(g), the PLL system 
110 works again to minimizethe phase error signalof the 
phase detector (PD) 120. That is, the PLL system 110 lags 
the phase of the output clock by the phase incrementO^^ 
to make the phase of the frequency-divided signal back 
into the point pt2. As a result, the overall phase shift of 
the output clock is further reduced with an additional 



mount of6 . As mentioned above, the offset values com- 

P 3 

puted by the phase-shift detector 170 are capable of 
gradually tuning the phase of the output clock to elimi- 
nate the related art phase shift phenomenon imposed 
upon the output clock. 
[0034] When the phase adjusting operation responses to the out- 
put of VCO 150, the variation of output clock is very 
smooth due to the loop filter 140. Please note that the 
phase adJustmentsO ,6,6 are suggested not ex- 

pl p2 p3 

ceedinga half of the detection range AW to make the 

d 

control of the phase adjusting as simple as possible. If 
one phase adjustments 6^ is greater than half of the de- 
tection range AW , the PLL system 110 locks the phase of 

d 

the output clock to another phase further deviated from 
the desired one, which means the control of the phase ad- 
justing is complex. Besides, no matter how large the 
amount of unwanted phase shift is, the present invention 
is capable of adjusting the phase shift by a plurality of 
phase adjustments. As mentioned above, the phase 

adjustmentO can be smaller than half of the detection 
P 

range AW . For example, if the detection range AW is 8T 

d d 

and the initial amount of detected phase shift is 48T, the 

selected phase increment 6 can be defined as 2T and it 

p 



only needs 24 (48T/2T) times of phase adjustments to 
compensate the phase shift imposed upon the output 
clock. Moreover, it needs to keep the time between two 
adjacent phase adjustments long enough to make the PLL 
system 110 minimize the phase error caused by the phase 
adjustment. 

[0035] Please note that the components of the same name 

among the PLL system 110 shown in Fig. 4 and the follow- 
ing embodiments have the same functionality and opera- 
tion. Therefore, the lengthy description for the identical 
component in each alternative embodiment disclosed later 
is not repeated for simplicity. 

[0036] Please refer to Fig. 8, which is a block diagram of a PLL 
system 2 10 according to a first embodiment of the 
present invention. The PLL system 210 comprises a first 
PD 220, a charge pump 230, a loop filter 240, a VCO 250, 
a phase-controllable frequency divider 260, and a phase- 
shift detector 270. In this embodiment, the phase-shift 
detector comprises a second PD 280 and a frequency di- 
vider 290. The frequency divider 290 divides the fre- 
quency of the output clock, and sends the divided clock 
into the second PD 280. Therefore, as shown in Fig. 8, the 
second PD 280 is capable of detecting the phase differ- 



ence between the divided clocl< of the frequency divider 
290 andthe wobble signal to estimate the phase shift im- 
posed upon the output clock. Please note that the phase- 
controllable frequency divider 260 divides the frequency 
of the output clock by N, but the frequency divider 290 is 
used to divide the frequency of the output clock by K, 
where K>N, to make the detection range of the second PD 
280 larger than the one of the first PD 220. For example, 
assume that k is set to 32, and N is set to 8. Concerning 
the DVD+R/RW application that the period of the wobble 
signal is 32T, if the phase shift is larger than 4T but lower 
than 16T, the first PD 220 is unable to detect the phase 
shift, but the second PD 280 can detect this phase shift. 
Therefore, the phase shift detector 270 of this embodi- 
ment is capable of generating the phase-adjusting signals 
to the phase-controllable frequency divider 260 according 
to the detected phase shift. 
[0037] Similarly, please refer to Fig. 9, which is a block diagram of 
a PLL system 310 according to a second embodiment of 
the present invention. The PLL system 310 also comprises 
a first PD 320, a charge pump 330, a loop filter 340, a 
VCO 350, a phase-controllable frequency divider 360, and 
a phase-shift detector 370. In addition, the phase-shift 



detector 370 comprises a second PD 380, a first divider 
390, and a second divider 400. The only difference be- 
tween the first embodiment and this second embodiment 
is thesecond divider 400, which divides the wobble signal 
so that the detection range is capable of being larger than 
that in the first embodiment. 
[0038] Please refer to Fig. 10, which is a block diagram of a PLL 
system 410 according to a third embodiment of the 
present invention. The PLL system 410 also comprises a 
first PD 420, a charge pump 430, a loop filter 440, a VCO 
450, a phase-controllable frequency divider 460, and a 
phase-shift detector 470. The phase-shift detector 470 
comprises a second PD 480. Here, the output clock is out- 
putted into the recorder 490 as the reference for the 
recording bit clock. In this embodiment, the recorder 490 
outputs a recording sync signal , which is synchronous to 
the recording data,to the second PD 480 as a reference. 
As shown in Fig. 10, the second PD 480 generates phase- 
adjusting signals according to the phase difference be- 
tween the wobble signal and the recording sync signal 
from the recorder 490. For example, in the application of 
DVD+R/RW or DVD-RW, each 1456 recording bits plus 32 
bits frame sync for total 1488 recording bits are con- 



structed into a frame. In this case, the recording sync sig- 
nal can be the frame sync signal that is synchronous to 
the frame sync of the recording data. In addition, the 
phase-shift detector 470 can further comprise an optional 
frequency divider 500 shown in Fig. 10. This optional fre- 
quency divider 500 divides the frequency of the wobble 
signal. Thus, the detection range of the second PD 480 is 
enlarged. 

[0039] In addition to the wobble signal, the wobble tracks on a 
recordable optical disk also comprises some address in- 
formation corresponding to a location on the recordable 
optical disk, which is called the physical address and is 
used to find the position where the recording data to be 
recorded, such as the ADIP (Address-in-Pregroove) infor- 
mation for the DVD+R/RW and the LPP (Land Pre-pits) in- 
formation for the DVD-R/RWThe information related to 
the physical address can also be used as the reference for 
the phase-shift detector. Please refer to Fig. 11, which is a 
block diagram of a PLL system 510 according to a fourth 
embodiment of the present invention. This embodiment is 
quite similar to the first embodiment shown in Fig. 10. 
However, the phase-shift detector 570 comprises an ADIP 
unit sync detector 590. Apparently, this embodiment is 



applied to the application of DVD+R/RW. The ADIP unit 
sync detector 590 can generate an ADIP unit sync signal 
used for indicating the phase change of the first wobble 
within an ADIP unit (8 wobbles). According to the 
DVD+R/RW specification, the period of one ADIP unit cor- 
responds to 93 wobbles. As shown in Fig. 11, the phase- 
shift detector 570 uses the ADIP unit sync signal andthe 
divided output clock generated from the frequency divider 
600 to generate the phase-adjusting signal. 
[0040] Please refer to Fig. 12, which is a block diagram of a PLL 
system 610 according to a fifth embodiment of the 
present invention. This embodiment is similar to the third 
embodiment shown in Fig. 12. It is the same that the 
recording sync signal is utilized as a reference of the sec- 
ond PD 680. The difference is to utilize the ADIP unit sync 
signal as another reference of the second PD 680. There- 
fore, the phase-shift detector 670 generates the phase- 
adjusting signal according to the phase difference be- 
tween the recording sync signal and the ADIP unit sync 
signal. According to the DVD+R/RW specification, an ideal 
phase difference between the begin of the odd frame of 
recording data and the begin of an ADIP unit is defined to 
be 16 wobbles, and the actual phase difference between 



them can be obtained by detecting the actual phase dif- 
ference between the recording sync signal and the ADIP 
unit sync signal. If the actual phase difference is different 
from the ideal one, the phase shift imposed upon the out- 
put clock can be correctly estimated. 
[0041] Additionally, in the fourth and fifth embodiments shown 
in Figs. 13 and 14, if a larger detection range of the phase 
shift is required, the ADIP unit sync signal can be replaced 
by an ADIP word sync signal, which is used to indicate the 
position of the ADIP word sync. Besides, as mentioned 
above, the fourth and fifth embodiments are utilized in 
the application of DVD+R/RW that a DVD+R/RW disk has 
ADIP information thereon. In the application of DVD- 
R/RW, it can replace the ADIP unit sync signal with the 
land pre-pit (LPP) sync signal as a reference of the phase- 
shift detector. 

[0042] As mentioned above, the phase-shift detector generates 
phase-adjusting signals according to the phase difference 
between two reference signals (for example, a wobble sig- 
nal and an ADIP unit sync signal). In fact, it can also gen- 
erate phase-adjusting signals according to the position 
difference between the ideal position andtheactual posi- 
tion of recording data. As shown in Fig. 3, the data length 



of the recorded data is too long or too short due to the 
phase shift phenomenon, and it can detect the position 
deviation estimate the phase shift. Please refer to Fig. 13, 
which is a block diagram of a PLL system 710 according to 
a sixth embodiment of the present invention. In this em- 
bodiment, the phase-shift detector 770 comprises a posi- 
tion difference detector 780 instead of the phase detector 
utilized in above-mentioned embodiments. The output 
clock is inputted into the encoder 800 for driving the en- 
coder 800 for encoding and recording the recording data, 
in whicha recording data address corresponding to the 
recording data can be provided. When the recording data 
are being recorded onto a recordable optical disk, the en- 
coder 800 outputs the corresponding recording data ad- 
dress to the position difference detector 780. 
[0043] In this embodiment, the phase-shift detector 770 further 
comprises a physical address detector 790 for detecting 
the physical address on the recordable optical disk (e.g. a 
DVD+R/RW disk or a DVD-R/RW disk) through a well- 
known push-pull signal detected from the recordable op- 
tical disk. The phase-shift detector 770 generates the 
phase-adjusting signal according to the position differ- 
ence between the recording data address and the detected 



physical address. In this embodiment, the phase-shift de- 
tector 770 generates the phase-adjusting signal accord- 
ing if the difference between the recording data address 
and the detected physical address is different from an 
ideal one. 

[0044] Please refer to Fig. 14, which illustrates the operation of 
the PLL system 710 shown in Fig. 13. The track TRACK^ 
shows the ideal positions of a plurality of data blocks 
DATA , DATA , DATA , DATA . It is obvious that each of 

1 2 3 4 

the data blocks DATA , DATA , DATA , DATA has an 

1 2 3 4 

identical data length. Concerning the track TRACK^', it 
shows that a data block DATA^' affected by the phase shift 
and has a data length longer than the one of the data 
block DATA^. The position difference detector 780 detects 
a position difference d^, and outputs a corresponding 
phase-adjusting signal to the phase-controllable fre- 
quency divider 760. Next, the phase-controllable fre- 
quency divider 760 adjusts the phase of an outputted fre- 
quency-divided signal during recording the data block 
DATA '. When the next data block DATA ' is recorded, the 

2 2 

position difference d^ is less than the original position 
difference d^ due to the operation of phase adjust corre- 
sponding to the detected position difference d^. Similarly, 



after the operation of phase adjust corresponding to the 
detected position difference d^ during recording the data 
block DATA^', the position difference d^of the data block 
DATA^' is less than the previous position difference d^. In 
the end, the end position of the data block DATA^' is 
aligned to a correct position. 
[0045] Concerning the track TRACK^", it shows that a data block 
DATA^" affected by the related art phase shift. And has a 
data length shorter than the one of the data block DATA 
^The position difference detector 780 detects a position 
difference D^, and then outputs a corresponding phase- 
adjusting signal to the phase-controllable frequency di- 
vider 760. Next, the phase-controllable frequency divider 
760 adjusts the phase of an outputted frequency-divided 
signal during recording the data block DATA^". When the 
next data block DATA^" is recorded, the position differ- 
ence is less than the original position difference 
due to the operation of phase adjust corresponding to the 
detected position difference D^. Similarly, after the opera- 
tion of phase adjust corresponding to the detected posi- 
tion difference during recording the data block DATA^", 
the position differenceD of the data block DATA ' is less 

^3 3 

than the previous position difference D^.ln the end, the 



end position of the data bioclc DATA^" is aligned to a cor- 
rect position. 

[0046] Please refer to Fig. 15, wliich is a block diagram of a PLL 
system 810 according to a seventh embodiment of thep- 
resent invention. This embodiment is similar to the sixth 
embodiment shown in Fig. 13. The only difference is that 
the phase-shift detector 870 further comprises a logical 
address detector 900. The logical address detector 900 
receives the reproduced EFM signal read from the record- 
able optical disk and output the logical address to the po- 
sition difference detector 880 according to the repro- 
duced EFM signal. Therefore, the position difference de- 
tector 880 is capable of detecting a position difference 
between the physical address detected from the push-pull 
signal and the detected logical address detected from re- 
produced EFM signal to generate the phase-adjusting sig- 
nal. For example, in a DVD-R/RW or DVD+R/RW disk, a 
data sector is the smallest addressable logical unit of the 
recorded data, and the begin of each data sector contains 
a sector sync code and 4 bytes of the identification data 
(ID) that contains a 3-byte sector number. In this exam- 
ple, the logical address can be comprised of the sector 
sync code and the sector number of the recorded data 



sector. 

[0047] Please refer to Fig. 16, which is a diagram illustrating the 
operation of the PLL system 810 shown in Fig. 15. Similar 
to Fig. 16, the track TRACK^ shows the ideal positions of a 
plurality of data blocks DATA , DATA , DATA , DATA , It 

5 6 7 8 

is obvious that each of the data blocks DATA , DATA , 

5 6 

DATA^, DATAg has an identical data length. 
[0048] Concerning a data block DATA^' having been recorded 

onto a recordable optical disk at previous recording oper- 
ation and having a data length longer than a desired data 
length defined by the data block DATA^. When the logical 
address detector 900 receives the reproduced EFM signal 
generated from the data block DATA^' recorded on the 
recordable disk, the logical address detector 900 detects a 
logical address of the data block DATA^'. In addition, the 
physical address is detected by the physical address de- 
tector 890 through a well-known push-pull signal read 
from the recordable optical disk. Then, the position dif- 
ference detector 880 detects an initial position difference 
d , of the recorded data block DATA ' and outputs a 

ini 5 ^ 

phase-adjusting signal to the phase-controllable fre- 
quency divider 880 according to theinitial position differ- 
ence d . Next, the phase-controllable frequency divider 

ini 



860 adjusts the phase of an outputted frequency-divided 
signal. In this embodiment, because the reproduced EFM 
signal is not available after the recording operation starts, 
the phase-shift detector 870 detects the initial position 
difference d of the recorded data block DATA ' and 

ini 5 

memorizes itbefore the recording operation starts. After 
the recording operation starts, the phase-shift detector 
870 outputs a phase-adjusting signal to the phase- 
controllable frequency divider 880 according to the mem- 
orized initial position difference d , so that the data 

ini 

lengths of following data blocks are gradually reduced. In 
the end, the end position of the data block DATA^' is 
aligned to a correct position. 
[0049] Concerning a data block DATA^" having been recorded 

onto the recordable optical disk at previous recording op- 
eration and having a data length shorter than a desired 
data length defined by the data block DATA^. When the 
logical address detector 900 receives the reproduced EFM 
signal generated from the data block DATA^" recorded on 
the recordable disk, the logical address detector 900 de- 
tects a logical address of the data block DATA^". In addi- 
tion, the physical address is detected by the physical ad- 
dress detector 890 through a well-known push-pull sig- 



nal read from the recordable optical disk. Then, the posi- 
tion difference detector 880 detects an initial position dif- 
ference D of the recorded data block DATA "and memo- 

ini 5 

rizes itbefore the recording operation starts. After the 
recording operation starts, the position difference detec- 
tor 880 outputs a phase-adjusting signal to the phase- 
controllable frequency divider 880 according to the mem- 
orized initial position difference D , so that the data 

ini 

lengths of following data blocks are gradually increased. 
In the end, the end position of the data block DATA^" is 
aligned to a precise position. 
[0050] Please refer to Fig. 17, which is a block diagram of another 
system 910 according to the present invention. The sys- 
tem 910 includes a recorder 990, a phase-shift detector 
970, a phase detector (PD) 920, a charge pump 930, a 
loop filter 940, a voltage-controlled oscillator (VCO) 950, 
and a frequency divider 960. The function of the PD 920, 
the charge pump 930, the loop filter 940, the VCO 
950, and a frequency divider 960 is the same as that of the 
those components of the same name in the related art PLL 
10, and the functionof the phase-shift detector 970 is the 
same as that of the PLL system 110, so that the lengthy 
description is omitted here for simplicity. The recorder 



990 receives the output clock from the VCO 950 as the 
reference clock for recording data, and further receives 
the phase-adjusting signal from the phase-shift detector 
970 for inserting or deleting one bit or more of recording 
data to be recorded. Please refer to Fig. 18 that is a timing 
diagram illustrating the operations of the recorder 990 in 
the application of DVD+R/RW or DVD-RW, where a normal 
frame of recording data contain 1488 recording bits. As 
shown in Fig. 18(a), if the phase-shift detector 970 is dis- 
abled, the length of the frame 1, frame 2, and frame 3 is 
normal and equal to 1488T. As shown in Fig. 18(b), when 
the phase-shift detector 970 detects that the phase of the 
output lock lags the ideal phase, the recorder 990 deletes 
the last bit of the frame 1' and the deleted bit is discarded 
to be recorded, which leads the position of the following 
frame 2' and frame 3'. As shown in Fig. 18(c), when the 
phase-shift detector 970 detects that the phase of the 
output lock leads the ideal phase, the recorder 990 inserts 
one dummy bit at the end of the frame l"and the inserted 
dummy bit is recorded, which lags the position of the fol- 
lowing frame 2" and frame 3". By deleting or inserting one 
bit at the end of a frame according to the phase-adjusting 
signal, the recorder 990 can compensate the phase shift 



detected by the phase-shift detector 970. 

[0051] In contrast to the related art, the present invention pro- 
vides a phase-controllable frequency divider positioned at 
the feedback path. Therefore, the problem of related art 
phase shift phenomenon is solved through tuning the 
phase-controllable frequency divider, and the recording 
quality is greatly improved. Besides, no matter how 
largethe phase shift is, the claimed invention is capable of 
making the phase of an output clock locked to a correct 
phase. In addition to a reference of the recording data, the 
output clock can also be a reference for controlling the 
rotation of the recordable optical disk in a CLV 
(Constant-Linear Velocity) speed. 

[0052] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



